T he issue raised by
on the 'natural selection of parental ability to vary the sex ratio of offspring' has produced many publications. Probably no other case exists in behavioural ecology where a couple of pages have sired so many studies. With so many descendants, however, mutations are likely to emerge. One main problem is that the Trivers-Willard (TW) hypothesis was a verbal argument and hence semantic interpretations are possible. For instance, TW wrote that 'females in better condition tend to invest in males'. This may be interpreted in different ways, regarding either the way of allocating the investment or the nature of the comparison, as follows: (1) females in better condition tend to produce bigger (or costlier) male offspring than female offspring or they tend to produce bigger (or costlier) males than females in poor condition; (2) females in better condition tend to produce more male offspring than female offspring or they tend to produce more males than females in poor condition. Furthermore, these statements may lead to complementary ones such as: (1) females in poor condition tend to produce bigger female than male offspring or they tend to produce bigger females than other females; (2) females in poor condition tend to produce more female than male offspring or they tend to produce more females than other females.
One needs only to read the original TW paper carefully (or subsequent reviews discussing it: e.g. Frank 1990; Godfray & Werren 1996; Hardy 1997) to see that some of these interpretations are not in concordance with Trivers and Willard's ideas. I do not intend to review the TW hypothesis comprehensively here, although a simple graphical model may help to put these thoughts into a framework. Figure 1a represents the hypothetical relationship between the fitness return of a female or a male offspring and the amount of care it receives (r). I believe this represents the conditions of the TW model, and I hope Trivers and Willard themselves would agree. The TW hypothesis was based on three assumptions: (1) mothers in better condition can produce young in better condition; (2) the condition of young at independence is translated into adulthood; and (3) male fitness will gain comparatively more than female fitness by slight advantages in condition. Assumption (1) means that mothers in better condition tend to have a higher budget to expend on parental care than those in poor condition. In Fig. 1a , this simply means that mothers in better condition are more likely than those in poor condition to expend r>r c on an offspring. Assumption (2) means that differences in parental investment at independence (X axis in Fig. 1a ) produce differences in condition at adulthood that affect the fitness return (Y axis). Assumption (3) concerns the return curves. It requires the curves for both sexes to be different so that in a certain region of parental expenditure, such as around the critical value r c , increases in parental expenditure (hence in offspring condition) produce higher increases in fitness return for one of the sexes (usually males).
Provided that the curves meet the TW assumptions, these interpretations can be assessed in the light of the graphical model.
(1a) Females in better condition tend to produce bigger male than female offspring. This statement is not a prediction of the TW model but simply assumption (3). As an assumption, it also applies to females in poor condition, so the complementary statement is false. In a sexually dimorphic species, male offspring are bigger than females regardless of the condition of the mother. This statement is represented by the difference between the curves along the X axis in Fig. 1a . The smaller the difference between the curves along X, the more likely that some female offspring are bigger than males, but also the more relaxed is assumption (3) and therefore the validity of the TW predictions.
(1b) Females in better condition tend to produce bigger males than females in poor condition. This is also an assumption, number (1). But mothers in better condition
